and its involvement in purine and pyrimidine synthesis. DNA methylation is necessary for normal 6 genome regulation and development for which folate is also a key source of the one carbon group. The 7 fact that DNA hypo-methylation can be overturned by folic acid supplementation indicates that a lack of 8 folate alone can affect DNA methylation (Pufulete et al. 2005) . Poor DNA methylation is linked with a 
15
In the present study, we selected four key stages of HC; embryonic day (E) 18 (when CSF blockage and access to food and water. The H-Tx colony was maintained through brother-sister mating between 1 unaffected animals, and the SD colony was maintained though random pair mating. The animals were 2 fed the standard Beekay rat and mouse diet no. 2 (B and K Universal, Hull, UK). We believe the SD rats 3 are the best to use as controls since they have the same gestational cycle length as H-Tx rats and from 4 our previous studies, share temporal coincidence in brain development. Time mated pregnant dams were 5 isolated from the colony into cages of 3 dams. H-Tx fetuses at E18 were classified as either affected A- 6 HTx or unaffected U-HTx based on the excessive CSF accumulation which showed as a gross dooming 7 of the head of affected individuals under Leica MZ6 microscope (Switzerland). Furthermore, brain slices 8 were observed under the microscope and thick slices of cortex demonstrated enlarged ventricles and thin 9 or reduced cortical mantle thickness. In this study we found that the folate error was independent of 10 severity of hydrocephalus and that there was a clear distinction between affected and unaffected brains 11 therefore for the purposes of this analysis we did not correlate our findings with severity but this may be 12 important for subsequent studies. Pregnant dams (at least 3 to 5 in each group) were euthanized by 13 intraperitoneal injection of sodium Pentobarbitone 20% w/v (Pentoject, UK) and fetuses harvested at E 14 18 . Pups (at least 3 to 5 in each group) were euthanized in the same way to harvest liver and brain at P5,
P15 and P20. Organs were removed and immediately frozen with dry ice-cooled isopentane (VWR
16
International S.A.S, France) and stored at -80 0 C.
17

Immunohistochemistry
18
Immunohistochemistry was performed on 15-20 µm thick coronal and sagittal brain cryosections performed to show the localization of FDH, FRα and 5mTHF. After fixation for 10 minutes in 22 paraformaldehyde, the sections were then blocked with 5% fish gelatin for an hour at room temperature.
23
After 3 washes for 5 minutes in PBS, sections were incubated overnight at 4 0 C with combinations of the 24 primary antibodies; FDH 1:5000, FRα (R&D Systems) 1:10000, 5mTHF (Sigma) 1:500, GFAP (abcam
25
(1:500). The next day, after 3 washes for 5 minutes in PBS, sections were incubated in the dark at room II slide 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Total Protein isolation
15
Total protein was isolated from liver and brain tissue of rats u s i n g RIPA buffer (Sigma, USA) with
16
1× Roche complete protease inhibitor cocktail (Roche, USA) added. Tissues were homogenized using a
17
Polytron homogenizer (at 3-4 speed) and centrifuged at 13000 rpm for 20 min. The supernatant was 18 collected into another Eppendorf tube and centrifuged again to remove any debris. All steps were carried 19 out at 4 0 C.
20
Fractioned protein isolation
21
Differential centrifugation was performed a s r e p o r t e d p r e v i o u s l y ( P a u l o e t a l . 2 0 1 3 ) .
22
Tissues were homogenized in fraction buffer with the polytron (at 3-4 speed) for a few seconds several 23 times, passed through a 30G needle using a 1ml syringe and incubated for 30 minutes on ice. The 24 nuclear pellet was extracted "spinning-dry" at 720g over 5 min. 500 µl of fractionation buffer were added 25 to the pellet which was centrifuged at 720g over 5 min. The supernatant (S1) from the first 26 centrifugation, was deposited into a new microcentrifuge tube and was centrifuged at 10,000g over 30 27 min and the resulting supernatant (S2) was deposited into a new microcentrifuge tube. The pellet,
28
containing the mitochondrial fraction (Mitn) was washed once adding 500 µl of fractionation buffer,
29
dispersed with a pipette, and passed through a 30 G needle (with 30mm length) using a 1 ml syringe that the transference had been successful. The membrane was washed 2x3 min with 1x PBS.
10
To perform the Western blot, the membrane was blocked with 5% fish gelatine or 5% skimmed milk, 1x 11 PBS-T for 1h at RT. The primary antibodies (Table1) were diluted with 5% fish gelatin prepared in 1x
12
PBS plus 1%Triton X 100. Primary antibody incubation took place overnight at 4°C, and membrane 
Dot blots
21
Dot blots for 5methyl cytosine, folic Acid and 5mTHF were performed to qualitatively evaluate the 22 differential concentration of these compounds between SD and H-Tx samples, analyzed in triplicates.
23
Each sample was diluted to a final concentration of 50µg/ml and 2µl were pipetted onto separate 
RESULTS
6
Changes in cortical thickness and ventricular sizes 7 Hematoxylin and eosin staining was performed to compare ventricular size and cortical thickness of 8 brains from SD at E20, UH-Tx at E16 and AH-Tx at E20. SD animals demonstrated the thickest cortex and smallest ventricles (Fig. 1A ). UH-Tx had comparatively less cortical thickness with slightly enlarged 10 ventricles compared to SD rats (Fig. 1B) . AH-Tx, had greatly enlarged ventricles and the thinnest cortex
11
( Fig. 1C ). Affected pups were identified by the domed shaped head ( Fig. 1E ) compared to normal pup
12
( Figure 1D ).
13
Identification of FDH positive vesicles
14
Immunofluorescence staining of SD rat brain at E20 was performed to indicate the source of FDH 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 animals. However, HT-x animals had a measurable expression for both folates in liver ( Fig. 5C and 5D ).
21
In brain, both folates were restricted to the cytoplasm ( Fig. 5G and 5H ).
22
At P15, among SD, UH-Tx and AH-Tx, the maximum expression of FDH was observed in the AH-Tx.
23
However, similar to that observed at P5, HT-x animals had a tendency of decreased FDH in hepatic and 24 cortical FDH when compared to SD ( Fig. 6A and 6E ). In cortical tissues of H-Tx animals, this decrease 25 in FDH was paralleled by an increase in nuclear expression of both folates ( Fig. 6G and 6H ). A weak 26 nuclear FRα was also detected in HT-x cortical tissue (Fig. 6F ).
27
At P20, an overall reduction in hepatic FDH was observed in AH-Tx compared to SD animals. FDH was 28 expressed consistently in all the protein fractions from SD liver, however, diminished expression of FDH 29 was observed in mitochondrial and nuclear fractions of AH-Tx rats (Fig. 7A ). This decrease was 30 correlated with the reduced folates levels in H-Tx animals ( Fig. 7C and 7D ). An interesting finding was 31 the detection of nuclear FDH and FR alpha in cortical tissue of HT-x animals at P20 which matched the 32 detection of nuclear folates (Fig. 7E-7H ). Hence, this study aimed to establish which components of the folate error were unique to the cerebral 18 cortex and which might be more generally at fault in the affected H-Tx rats. Our starting hypothesis was 19 that the cerebral folate fault would define the hydrocephalic rat so a surprise finding was that a similar 20 fault existed outside the brain in folate transport to the nucleus, at least in the liver of affected animals.
21
Given that the liver is a key site of folate metabolism, this, in retrospect could have been expected.
22
Whether there is a direct link to hydrocephalus or whether this is a separate problem needs to be 23 determined but it is tempting to think of a consequence on folate supply to the brain from the liver.
24
To the best of our knowledge, this study provides the first link between FDH, FRα and 5mTHF transport. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
13
Apart from the difference in abundance, FRα was present in each hepatic fraction at P5 in SD rats. have changed over the hundreds of generations and that these are now specific strain differences.
18
The current study has confirmed a general fault in the FDH-folate system in H-Tx rats and has further case is that there is some physiological switch that determines whether an individual will be 1 hydrocephalic or unaffected. We believe this likely to be in the level of drainage insufficiency. The 2 severity would also then be determined by the level of drainage insufficiency but would be independent 3 of the effect on the folate supply system described here. This needs more detailed investigation since we 4 did not carry out correlations with severity of ventriculomegaly. Wide variability in ventriculomegally is 5 a characteristic of both experimental and clinical hydrocephalus and is one very important determining 6 factor in treatments and outcomes in patients. Our low number of experimental animals prohibited any 7 correlation of our data with this measure of severity so that one important follow-on study must include 8 such a measure to determine whether the folate system is indeed independent of this or whether there are 9 further changes we can measure associated with severity of ventriculomegally which may also impact on 10 proposed treatment through the folate system. This would be particularly important for postnatal stages 
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Supplementary results: Subcellular localization of FDH
To confirm the subcellular localization of FDH in cerebral cortex, immunofluorescence staining of adult rat brain was performed. An intense expression of FDH was found in the nuclei of SD cortex. However, in UH-Tx rat cortex, FDH was mostly localized around the nuclei and only a few nuclei were positive for FDH which appeared in the form of small dots.
AH-Tx animals showed the least or no nuclear expression for FDH (Supplementary figure 1) .
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